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ABSTRACT
The biochemistry of reptiles is a large and practically 
unexplored field of investigation. Among reptiles the liaard, 
Anolls carolinensia. is plentiful, inexpensive and has many 
other advantages as an experimental animal. Although this 
lis&rd la very small, blood and urine analyses can be made 
readily with modern methods of micro analysis*
Techniques vere devised for the collection and handling 
of blood. The nitrogenous composition of the blood and 
urine vaa determined. Fairly complete analyses of the 
inorganic substances of the blood, plasma, urine, feces and 
the total ash vere made, end the distribution of water in 
the animal was calculated from the experimental data. These 
studies indicate that lisards are more acidic than either 
alligators or turtles, and that Anolls has a higher plasma 
chloride (127 meq./L.) and phosphorus (2*6 mM./L.} and a 
lover average blood pH and carbon dioxide content (15 mM./L.) 
than mammals.
Throughout 1951 analyses were made each month on Anolls 
to compare the effects of the seasons on animals obtained
vl
fresh from the wild with groups kept under laboratory condi­
tions of constant temperature and controlled hours of light* 
These analyses Included blood glucose, liver glycogen, total 
body lipid and water, oxygen utilisation and R. Q* Glucose, 
liver weight, liver glycogen and total lipid vary seasonally* 
There are no significant seasonal variations in the K* Q, and 
the oxygen requirement of the animal*
In the late summer and fall the body weight and to a 
greater extent the liver weight increase due to the storage 
of glycogen and fat* With the increased storage of liver 
glycogen the blood glucose falls to a low level (100 mg. 
per cent). By November the lipid and carbohydrate content 
of the body represent close to 5$ kilocalories per 100 grams 
of animal* Only three per cent of this reserve energy, 
however, is due to carbohydrate. In the winter and spring 
the blood sugar rises to a maximum of nearly 200 mg* per cent, 
and the liver glycogen and total lipid fall as the animal 
uses its body stores* By May these stores represent only one 
sixth of the available energy content of the animal in 
November* Neither varying the hours of light to which the 
animals were exposed nor keeping the animals at a constant 
temperature throughout the year had any marked effect upon 
the body constituents analysed*
vii
INTRODUCTION
Although those mammals of general Interest to medical 
biochemistry have been studied In detail for some fifty 
years, comparative biochemistry as a field of study is little 
more advanced than was the field of comparative anatomy a 
hundred years ago* It is curious to note that a century old 
knowledge of the anatomy of the most common reptiles of the 
world has not stimulated research in the chemical composition 
of this important class of animals* Appendix II, which 
summarizes an exhaustive search of the literature on studies 
upon reptilian blood, indicates the sparsity of information* 
The reptiles, thus, offer a wide and largely unexplored field 
of investigation in practically every phase of biochemistry* 
Among REPTILIA the "American chameleon,1 Anolis 
carollnensls, has many advantages as an experimental animal* 
Great numbers of these lizards are available In this area 
and may be purchased through local biological houses for a 
very reasonable sum* Studies in which many animals must be 
sacrificed are possible on this animal, whereas the cost would 
be prohibitive for other reptile species* In the course of
1
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investigations upon color changes in Anolls, comparatively 
simple methods for many gland ablations and other operative 
procedures have been devised by workers who have found that 
It is possible to keep this animal in oaptlvity for long 
periods*
Anolls is a member of the family of llsards known as 
the HKJANIDEA. Grouping and possible phytogeny of the 
iguanlds has been worked out by Mittleman (1942) who places 
the anoles In a position of early divergence from the main 
line of iguanid evolution* Although the anoles are by far 
the most common genus of lizards in the western hemisphere 
only two species are found in the United States* The habitat 
of Anolls earollnenals > as stated by Smith (1946), Is the 
southeastern section of the United States ranging from 
Tennessee to the Gulf of Mexico, and from central Texas to 
the Atlantic seaboard*
Sex Identification In these animals Is simple* Male 
Individuals In contrast to the females have well developed 
throat fans and a pair of enlarged postanal scales* All 
Anolls species are small; when fully grown the male Anolls 
carolinensis reaches a total length of twelve to fifteen centi­
meters and a weight of five to six grams; the female rarely 
exceeds twelve centimeters and four grams* Unlike most lizards, 
which have a brief breeding season In the spring end lay a 
clutch of eggs,Anolls carolinensis lays single eggs in regular 
succession every two weeks throughout the breeding season,which 
begins In March and Is continuous through August (Greenberg
3
and liable, 1944,)* The number of animal a readily found in a 
particular area varies with the season and the weather* In 
cold weather the animals hide under dead leaves, in 
cracks in trees, under piles of wood, or buried in loose 
ground*
The anole is a carnivorous animal and is attracted to 
its meal by the motions of its victim* Living Insects such 
as meal worms, flies, moths, crickets, and occasionally small 
roaches are accepted (McClure, 193®)» Since the animal in 
nature licks dew and raln-drops from leaves and twigs, one 
must frequently sprinkle the foliage of the cage or captive 
lisards will die of dehydration*
The best known characteristic of this animal is its 
ability to change color under varying conditions of light, 
temperature, and excitement* After extensive Investigation 
on the mechanism of color control in Anolls* Klelnhola (193®) 
and other workers have proved that these changes are primarily 
under the influence of the endocrine glands*
Before the animal could be used for biochemical research, 
a knowledge of the composition of the blood, urine, feces, 
and ash was thought to be necessary* Since so little is 
known of hibernation and seasonal changes in KEPT ILIA, a 
periodic Investigation of certain metabolic factors was under­
taken* Consequently, this paper will consist of two general 
sections: first, a survey analysis of blood, urine, feces, 
and ash of Anolls carolinensis: and, second, seasonal metabolic 
studies*
SURVEY ANALYSES
Blood Colleotion and Handling 
All survey analyses on Anolls blood were done on reoently 
captured animals. which were fasted for four days before use* 
Blood for these analyses was obtained in the following man­
ner* The plunger of a tuberculin syringe was thinly coated 
with silicone jelly and placed back into the body of the 
syringe* About 0*001 ml* of a 0.004 pbr cent solution of 
heparin was added to the tip of the syringe, drawn into the 
chamber and spread over its wall* Silicone jelly was placed 
on the syringe adapter and a number 26 needle was fitted on 
the syringe. Through such a procedure a practically airtight 
syringe was obtained* While the animal was held ventral sur­
face up on a work table by an assistant, the needle of the 
syringe was placed just anterior to the pectoral girdle in 
the midline, parallel to the body of the animal and pointed 
toward its tail. The needle was then carefully pushed 
through the skin into the internal region just beneath th© 
ventral surface of the pectoral girdle* With careful probing 
the tiny heart (0*3 - 0 *6 cm.) was penetrated, and following 
slight suction on the syringe, blood was obtained. The 
needle was allowed to remain in position for a short period
A
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after the fir at evidence that the heart had bean entered 
in order to allow the organ to refill* From a single animal 
one can obtain a maximum of 0*05 to 0*20 ml* of blood* If 
less than half of the total estimated blood volume is drawn* 
seven out of ten animals will survive such a blood letting* 
If blood pH was to be determined or If whole blood was 
required* the pH capillary tube and the blood pipettes were 
immediately filled directly from the blood In the syringe.
If plasma was required* a metal clamp was fitted to the 
syringe between the head of the plunger and the body of the 
syringe and the blood was then centrifuged In the syringe 
(Figure 1}» If acid base studies were to be done* a drop of 
mineral oil was layered above the blood* After centrifuging 
the syringe was held vertically and the plunger carefully 
twisted upward* By this technique practically all of the 
0 .0 3 to 0*15 ml* of plasma was measured directly into blood 
pipettes for analyses without disturbing the packed cell 
layer in the syringe*
2• General Blood Studies
An investigation of the erythrocyte count, packed cell 
volume and oxygen capacity of the blood of Anolls was under** 
taken in the month of November* The capillary hematocrit 
method of van Allen (192$) was used to determine packed ©ell 
volume; a Spencer *Bright-linen counting chamber was used 
In the determination of cell count (Todd, et al, 194B)s and 
oxygen capacity was measured by a modification of the
6
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syringe-analyser method devised by Houghton and Soholander 
(1943) tor determining oxygen content, The capillary pipettes 
for the cell count and oxygen uptake determinations as well 
as the capillary hematocrit tubes were filled directly from 
the syringe* The results of this study are shown in Table I* 
The average value for the red cell count was close to that 
obtained by Habalais (1936)* For comparative purposes a 




Average Mode Maximum Minimum
Packed Cell Vol. 
<*>
28 29 34 20 26
Red Blood Cells (10® per mm*3) 0 *96 0*97 1 .2 1 0.61 26
Oxygen Capacity (Vol. %) 9.3 6 *6 1 2 .5 7.0 15
3 . DeterminatIon of Blood and Plasma Electrolytes
Techniques were devised so that determinations of pH,* Na» 
K, Cl, and CO2 could be done on the plasma from one animal* 
Analyses of sodium and potassium In plasma and whole blood 
were made with the Beckman flame spectrophotometer. Chlorides 
were analyzed in plasma and in protein free filtrates of whole 
blood with the method of Schales and Schales (1941) adapted to 
smaller volumes of sample through the use of the ultramicro 
burette of Oilmont (1946) and techniques of ultramlcroanalysls
a
suggested by Kirk (195O)* Carbon dioxide in plasma and In 
whole blood was done by the syringe-analyzer method of 
Scholander and Houghton (1943)* The Beckman model Q pH
1meter, fitted with the Beckman capillary glass electrode,
was used to determine blood pH*
For Ha-K analysis 0*02 ml* of plasma or whole blood was
added to a 10 ml* volumetric flask* The flask was filled
to the mark with water which contained 0*04 per cent Sfcerox 
2SE , a surface tension lowering agent* The unknown solution 
was then passed through the atomiser and flame of the flame 
spectrophotometer and the emission intensities at 589 milli- 
micra (Na' and at 767 millimlcra (K.) were bracketed between 
standard solutions. These standards contained sodium and 
potassium in very nearly the same ratio of concentrations as 
were present in the unknown in order to rule out the effect 
of mutual excitation*
Determinations of calcium and. phosphorus in the plasma 
were done on single samples of blood from the larger animals* 
Calcium was done on 0*08 to 0*10 ml* of sample using the boric 
acid titrimetric method of Sobel and Sobel (1939) end the 
Gilmont ultramicroburett* Phosphorus was done 00lorimetrieally 
in the microtubes of the Klett^Summerson colorimeter by the 
method of Kuttner and Cohen (1927) adapted to 0*05 ml* of 
plasma. Table II summarizes the results of the electrolyte 
studies on the blood and plasma*
Beckman Ho. 290-63 







pH 7.26 7 .1 6 7.63 6.93 25 001.H& 157 159 186 139 41 Oet«K 4.59 4*48 5.93 2.80 15 Cot.Cl 127 128 133 113 30 Oct.COo 15.4 14.5 22.5 9 *6 25 Cot.Ca 2.9 3.1 4 .2 2 .0 20 Aug.P 2 .6 2.7 3.2
BLOOD
1.7 19 Aug.
Ha 130 125 135 118 15 MayE 3 1 .8 33.2 38 .4 20.9 15 MayCl 105 107 116 78 18 MayC02 1 4 .0 1 3 .8 17.1 9.3 15 May
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4* Blood and Plasma Nitrogen Studies
Tungstic and trichloracetic a©Id precipitate® were used 
to determine blood and plasma protein* Thea© precipitates 
vere digested with the digestion mixture suggested by Kirk 
(1950)* Fractions of the clear digest vere added to Conway 
diffusion cells and the protein was determined as NH3 {Conway* 
1940)* Urea and ammonia were also analysed In the Conway 
cells (Conway, I94O), The method of Brown (194?) was used 
for the analysis of uric acid* Hesuits of nitrogen studies 
on blood are shown in Table XXX•
Table XXX 
Blood nitrogenous Constituents
Average Mode 1 wtiiB MinImUm Analyses Month
Blood Protein 
(?)
11.5 1 0 .0 13*6 9*1 16 Apr.
Plasma Proteins
{%)
4.1 3*9 3*1 3*0 12 Apr.
Blood Uric Acid 
(mg.#) 7*9 6.5
1 0.a 4*1 20 Apr.
Blood Urea( mg •#) 7*2 7.9 9*6 3*5 15 •Tan.Blood SHU 
(mg.#)
Tr. 0*9 0 1$ Apr.
5 . Blood Sugar
Some 71? determinations of blood reducing substances were 
done using a micro modification of the method of Pol in and 
Wu (1920)* This method like other procedures for blood 
glucose is not spec If io but is actually a measure of the 
reducing substances of the blood* To determine in a more 
specific manner that fraction of the blood reducing substance
11
attributable to glucose, a series of f©mientation studies 
vere carried out using a yeast microdiffusion method in a 
special Conway cell (O'Malley, efc al, 1943). When possi­
ble, a parallel determination was done by the Folin-Wu 
method. The results of these Investigations are indicated 
in Table IV* Henceforth in this paper the total reducing 
substances of the blood as measured by the Folln^Wu method 
will be described as blood sugar or blood glucose*
TABLE IV
Comparison of the Hesults of Two Methods of Determining the Reducing Substances In the Blood (All values are expressed as mg. % glucose)
Animal Ho. Fermentation Bolin and Wu
1 190 200
2 1943 160 1804 1625 1-496 164 1677 141 1848 173
9 141 20310 lie 184
Average 159 186
There are seasonal variations In the blood glucose, but 
these will be discussed at length in the section on metabo­
lism. The average glucose over the year Is 1?2 mg. per cent 
and there are no sex differences In these values* Early in 
the sugar studies It was found that blood from decapitated 
animals gave the same values as blood obtained by the more
12
tedious cardiac puncture. As these same animals were to be 
sacrificed for other studies, all glucose determinations 
except the early studies were done on blood obtained by 
decapitation.
Since the blood sugar was comparatively high, the 
possibility of an emotional hyperglycemia had to be ruled 
out. A glucose level of 16? mg. per cent was obtained on a 
group of 20 animals treated with extreme care and decapitated 
immediately upon removal from their cage. Twenty other 
animals treated without special precaution had & blood glu­
cose level of 174 mg. per cent. Anolls apparently does not 
exhibit the marked emotional hyperglycemia as was shown to 
occur in the horned toad Phrynosoma (Kedfield, 1918)*
6. Urinary Constituents
All urine analyses were done in October on animals which 
had fasted four days. Sample collection is a simple task.
The animal is turned ventral surface upward and slight 
pressure Is placed on the abdomen Just anterior to the anus. 
As the drops of urine appear at the cloacal orifice, they 
are drawn by capillary action into a blood pipette which 
rests upon the work table. With such a method as much as 
0.08 ml. of urine may be collected from a single animal, but 
on the average about 0.02 ml. is obtained per individual.
Unfortunately, It is difficult to collect twenty-four 
hour urine samples from these animals. Therefore all urine 
values are expressed in weight-volum© unlta rather than as
13
weight per twenty-four hour sample*
Urinary pH, Ha, K, CQg, HBj, and urea were done toy the 
same techniques used in blood analyses* In the pH deter­
minations the drop of urine was directed from the cloaca! 
orifice into the capillary electrode* The method of Folin 
(1931) was used to determine uric acid* Due to the high 
concentration of uric acid in the lisard urine, a greater 
dilution of the original sample was required than that 
specified in the published method* The method of Folin and 
Wu (1919) was used for creatinine analyses* The experimental 
results are shown In Tables V and VI* The sum of urinary 
oations determined is considerably higher than the sum of 
anions* This may be due to a high concentration of sulfates, 




pH 5*51 5-36Ha 20*2 20*6
R 17.1 15*1Cl 23*1 21.6C02 Tr*
mz 5 .8 1*1
Maximum Minimum Analyses
6 .5 0 1*62 19
3 3 .7 5*7 1a
3 6 .9 5.1 16
4.9 .0 1*0 221.0 0*0 15
16 .3 3 .5 20
u
TABLE VI
Ur In© Nitrogenous Constituents (nig. %)
Average Mode Maximum Minimum
Uric Acid H 
Urea N 
Ammonia N Creatinine N
45*6 3® *3 166.5 5*3 196.6 10.2 16.5 4*9 206.2 6.2 22.6 4*9 20
1.3 1.0 1.9 0.6 16
7. Fecal Analysla
Fecal samples were collected on a layer of non-absorbent 
paper placed overnight on the floor of the animal cage. The 
droppings obtained were dried, ashed, and analyzed for 
mineral constituents* The methods used in fecal ash 
analysis will be discussed In the section on animal ash 
analysla. The droppings collected by the above method 
unavoidably include Urinary constituents. Two uric acid 
analyses were made on droppings using the method of Folin 
(1934). Uric acid amounted to 45*0 and 63*3 per cent of 
the dry weight of these samples.
Chitin la not digested in any appreciable quantity, If 
at all, by the anole. One can easily recognize In the 
droppings undigested chltlnous skins of the meal worms of 
the diet. Table VII summarizes results of the analysis of 
two samples of droppings.
TABLE VIX J
Fecal Analyses (mg.)
Dry Wt. Ash Wt.
....IKT..InsolubleResidue J L 0a 01
Sample 1 542 62.5 20.4 0 .4 0 1 *33 2.57 0.43
Sample 2 1,854 143-0 84 • x 2 .8 5 4*65 10 .32 2 *34
8 • Composition of the Animal Ash
Ash studies were carried out in November*1951, on 
animals recently caught* After a four day fast they were 
weighed, decapitated, dried at 75° 0 * to constant weight, 
and ashed in a muffle furnace at 450-500° C. The resulting 
ash was weighed, ground to a very fine powder, placed in a 
10 ml. volumetric flask and diluted to 10 ml. with distilled 
water. The supernatant fluid was analysed then for chloride, 
sodium and potassium. Following the analyses of these water 
soluble constituents, enough HC1 was added to the flask to 
dissolve the water insoluble calcium and magnesium salts.
Water was added to the 10 ml. mark said samples of the acid 
solution were analyzed for oalcium and magnesium*
Ash Ha and K analyses were made using the same technique 
described under blood analyses. The micro diffusion method of 
Conway (1940) was used to determine ash chloride. Calcium In 
the HC1 solution of the ash was precipitated with ammonium ox­
alate and determined titrimetrically with permanganate (Kolthnff 
and Sandell, 1936). A sample of the supernatant solution
16
after precipitation of calcium oxalate, was analysed for mag­
nesium by an adaptation of the colorimetric method of Denis 
(1922). The results of the ash analyses are shown in Table VIII* 
9• Discussion and Analysis of Data
The distribution of body water in Anolls may be com­
puted with the use of the data presented in this chapter and
the following assumptionst First, the ash chloride originates
3from the extracellular fluid only $ second, the chloride con­
centration of the extracellular fluid is the same as that of 
the plasma;^ and finally, the blood volume of Anolls is 3*02 
per cent of its body weight, the value found by Fry and 
Adelaide (1914) for the lizard, Lacerta agilia {Figure 2)*
Jsing the averages of the five ash determinations, the 
hematocrit value of 28 per cent, and the plasma chloride 
average value of 127 meq./liter, the distribution of water in 
the average 3 *34- gram animal is then*
Blood and urine studies upon Anolls indicate that this 
animal is more acidic than the turtle and the alligator*
Both the ph and CO2 content of the blood and urine of Anolla
3 The red blood cello of Anolls contain 15 mllli- eqaivalents of chloride per liter of ceils.
 ̂The ratio Na/Cl averages I.24. in the plasma and 
1*23 in the aah*
Total Body Water 2*25 g• 1.-49 g. 0*76 g.
O.69 g*0*07 g#
Intracellular water Extracellular waterInterstitial waterPlasma water
TABLE VIII






Wt. Na Cm Cl
(g>) (mg.)
L| Ash. Ha K Ca Cl
■. 3.50 1.32 0.175 3.35 5.87 58.3 1*34 3*85 62.3
H. 3.26 0.99 0.135 8.86 5.23 43*2 1.10 2.73 69*6
K. 3.02 0.90 0.132 2.23 5*03 4 5 .6 1.19 3*30 70.2
H. 3.71 1.26 0.173 2.39 6.23 57.9 1.30 4*20 66.0
bod; wt.) {% ash wt.)
5.0 1.91 3*35 33*3 0.77 2.20
4.1 2.12 3*87 3&*2 0.82 2.03
4.4 1w69 3 .8 1 3 4 .6 0 .9 0 2 .5 0
4*7 1.38 3*60 33.5 O.75 2.43
P. 3.22 1.00 0.153 2.80 5.65 51.6 1.39 3.12 68.9 4.8 1.83 3.70 33.7 0.91 2.04
*3 .3 4 1*09 0.155 2.73 5 .6 0 51.3 1*26 3.44 67.4 4*6 1.76 3 .6 1 33.1 0 .8 1 2 .2 2
 ZA %_ Plasmajh2Ql_ __
20.6 % 
INTERSTITIAL H20
4 4 .7  %  
INTRACELLULAR H20
32 .6  %  
SOLID
Figure 2  WATER DISTRIBUTION
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and ot&er lizards are low when compared to values found in 
the turtle and to a lesser extent In the alligator* The 
chloride ion of the blood is also much higher in the lisards 
and snakes than in the other orders of RE PI ILIA {Appendix II)* 
In some of the earlier acid-base analyses on Anolia» 
extremely low values of blood CÔ  (3 meq#/llter) and pH 
(6*70) were found. These values were not included in the 
preceding tables because the analytical techniques at the 
time were thought to be untrustworthy. If there 1® any 
validity to these low values» they may Indicate that the 
anole resembles the lizard, Bauromalug» in responding to 
high temperatures with an increase in acidity and a reduction 
in available base since these questionable values were 
obtained in August (Dill, et al, 1935)#
A high plasma inorganic phosphorus seems characteristic 
of lizard species* This fact plus the apparent great 
variability In blood pH and plasma Ca found In the REFT ILIA 
recommend these animals as research tools for Ca-P studies* 
Blood sugar In the lizards Is higher than that found 
In the blood of members of the other reptilian orders 
(Appendix 111)* The values for the lizard compare closely 
with blood sugar concentrations found In some of the birds 
(Dyer and Hoe, 1934). Perhaps these high blood sugar values 
are associated with the fact that the lizards as a group have 
a higher standard metabolism than do the other reptilian 
orders (Benedict, 1932).
20
A study of the ion concentrating power of the Anolia 
kidney was made by studying the ratio of urine concentration 
to plasma concentration of electrolytes analysed in both 
fluids. The values found indicate that the ancle kidney has 
a low coneentrating power for sodium and chloride but concen­
trates potassium 3 *70 times* Hence, the kidney tends to 
retain sodium and chloride and remove potassium when the 
animal Is on a diet of meal worms*
METABOLIC STUDIES
I* Introduction
Throughout 1951 analyses were dona each month on Anolia 
to compare the effect of the seasons on animals obtained 
fresh from the wild with groups kept under laboratory 
conditions* In order to determine whether seasonal temperature 
changes are primarily responsible for the metabolic variations 
found in the animal, a colony of captive lizards was main* 
talned at the average summer temperature of Hew Orleans, 26° C« 
Because of the importance of light In the behavior responses 
of the anole, the hours of light to which the captive animals 
were exposed were^aried* The captive colony was divided 
into two groups* Since south Louisiana receives fourteen 
hours of sunlight in June and ten hours in December, one 
group was exposed to fourteen hours of light and the other 
group to ten hours of light each day*
The light and dark colonies were kept In separate screen 
wire cages whose dimensions were 2*5 by 3*0 by 1*5 feet* The 
cages were placed in a constant temperature room beneath a 
battery of four, forty watt, white fluorescent lamps* An 
automatic clock control was set to turn the lights on at
21
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8 A* M. and off at 10 P. M. To obtain an additional four 
hours of darkness for the dark adapted group, a black cloth 
was placed over this group from 8 A- M« to noon of each day.
All animals that were eventually used in the light and. dark ex­
periments had been exposed to the fluorescent light of their 
respective cages for at least three weeks* By the end of three 
months the colony was totally depleted by the frequent sacrifice of 
the animals for analyses and consequently required restocking*
Every four days the colony was fed meal worms, the larval 
form of the Insect, Tenebrjo, which Is composed of about 2 
per cent glycogen and 1$ per cent fat (Wiggle a worth, 1950)*
Since Anolis will not drink from a dish but acquires its water 
from drops on the leaves of plants, water hyacinths, ivy and ferns 
were kept in the cages during the investigation and this foliage 
was sprinkled generously once or twice each day with fresh water*
In all of the metabolic analyses, the three experimental groups
were used. Henceforth in this paper these groups will be 
identified as:
a* Nature Group-animals obtained each monthdirectly from the wild.
b. Light Group-captive animals which had been kept
at 28° C* and exposed to 1 £ hoursof light per day.
c. Lark Group-captive animals which had been keptat 28° 0 . and exposed to 10 hours of light per day.
2* Analytical Routine
Fifty animals were sacrificed from each of the experimental
23
groups each month. Twenty of these animals were used for 
blood glucose and liver studies, twenty for analyses of 
total lipid and ten for respiration determinations * All 
animals were fasted four days prior to use since it was 
found that all traces of food disappear from the digestive 
tract within this period. The animals used for glucose and 
liver studies were weighed, sexed, decapitated and 0 *0$ to Q .10  
ml. of blood wsb taken up in a blood pipette and added to 
the tungstlc acid solution in a centrifuge tube. The animal 
c&rcasa was opened quickly down the midline and the liver 
removed by cutting the hepatic vessels and a piece of con­
nective tissue between the right lobe of the liver and the 
right gonad. The liver was weighed quickly on a torsion 
balance and dropped into boiling 30 per cent RGH solution. 
Glucose was determined on the tungstlc acid filtrate and 
glycogen was done on the alkaline liver hydro lysate by the 
method of Good, et al (1933)»
Animals used for total lipid analysis were sexed, weighed, 
killed and dried to constant weight in a vacuum desiccator 
with concentrated HgSO^ as the deslecant. After the dry 
weights were determined, the animals were ground Into fine 
pieces and extracted with ether. The ether extract was 
filtered, evaporated and the lipid was weighed.
Respiration was studied in a closed space respiration 
chamber (Figure 3) which consisted of a liter ©rlenmeyer flask
fiowse 3i n
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fitted by means of a three holed rubber stopper to a manometer
thermometer, and a pinoh clamp for pressure adjustment, The
animal was suspended from the bottom of the rubber stopper of 
the re spirometer in a small cotton bag (5 by 12 cm.} made
from light net cloth such as is used in making curtains 
The carbon dioxide produced by the animal was absorbed by a 
standard Ba( OE}̂  solution which covered the bottom of the 
flask* Oxygen utilisation was measured by the decrease in 
pressure in the flask as indicated by the manometer.
After the animals were sexed and weighed, they were 
placed into the respiration sacks and conditioned In a 
darkened incubator at 26° C* for four hours. The animal 
and sack were then tied to the manometer unit, and the 
entire unit was stoppered into the erlenmeyer flask which 
contained 25 ml. of standard Ba(01)^ solution. The respirometer 
was placed into the darkened Incubator. After an hour the 
height of the fluid in the manometer was leveled and readings 
of time, temperature and atmospheric pressure were taken. 
Forty-four to fifty-two hours later readings of these same 
variables were taken, the manometer level was measured, and 
the Ba(OH) was titrated with standard HC1. Oxygen utilisationA
was calculated from the pressure, temperature and manometrlc
T̂he position of the animal In the respiration sack mimics to a certain extent the tendency of the chameleon in the wild and In captivity to rest between surfaces*
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changeb and carbon dioxide production from the result® of the 
titration*
3• Seasonal Glucose and Liver Studies
Blood sugar values vary with the season. In the late 
winter and early spring the blood of Anolis contains nearly 
200 mg. per cent sugar. This value drops to a minimum of 
about 100 mg. per cent in late summer. All experimental 
groups had practically the same average blood sugar values 
and exhibited the same seasonal periodicity. Tables IX and 
X summarize the results of the blood sugar studies.
Liver glycogen averages about one per cent of the wet 
liver weight from March until September. In the fall the 
glycogen content of the liver Increases to an average of 
about two per cent of the wet liver weight. As the liver 
weight in proportion to body weight also increases In the 
fall, a table of liver glycogen as per cent body weight 
presents a more accurate picture of this Increased seasonal 
glycogen storage (Table XI). Although all experimental groups 
exhibited the same periodicity In liver glycogen, the livers 
of the captive animals, probably due to better feeding, were 
always heavier and contained more glycogen than animals from 
the wild (Table XII).
Figure 4 shows a composite curve of the liver weight of 
the captive animals expressed as per cent body weight plotted 
on a chart adjacent to the curve of the same values of the 
Nature Group. A series of peaks Is evident on the chart of
ABLE IX
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Month % Liver Liver as 1951-52 Determinations Glycogen % Body Wt* Liver Glycogen as % Body Wt.X 10* 2
Jan* 39 1*51 2 *6 4*23Feb. 36 1*00 2 »9 2*90March 40 1.19 2*9 3.45April Aa 0.99 2 .1 2,08May 59 0*96 2*7 2*59June 49 1*06 2 *9 3.07July 52 1.07 2.7 2*89AUg* 56 0*84 2*7 2.27Sept* 37 2 *11 4*2 8.65Oct* 41 1*79 4 .0 7 .6 6Nov* 54 1*23 4*3 5.37Dee* 30 1 .6? 3.4 6 *36„Jan* 15 1 .0 0 3 .0 3*00Feb* 14 1*70 3.0 5.10
* Includes only animals from the Nature Group
TABLE XII
Group Liver Studies
Group Da tormina t lonei % Liver Glycogen Liver as % Body Wt
Nature IBS 1*17 2*53Light 193 1*26 3*29Dark 191 1*50 3*50
°/• o
1
FEB. APR. JUNE AUG. OCT. DEC. FEB.
Figure 4 : Liver Weight as %  Body Weight 




the captive animals which la probably an art If act caused 
by the periodic replenishment of the supply of captive 
animals» The arrows above the curves indicate the dates on 
which the new groups of animals were placed in captivity*
In order to test the possibility of keeping the weight of 
the large livers of the fall animals up by feeding, a group 
of llaards was placed under dark colony conditions In 
November and their livers were analysed in February*
Although these animals ate well in the season when wild 
chameleons have a scarcity of food* the livers of the 
Dark Group decreased in weight in the same manner as the group 
obtained from nature*
Some 700 determinations of liver weight were done 
throughout the year* A distribution graph of these values 
for the Hature Group was plotted and was found on analysis 
to present two series of points; the January through August 
weighings were evenly arranged about one series whereas 
the values of weighings from September to December were In 
another series (Figure 5)*
Seasonal Lipid Studies
The ether extractable lipid of the dried animal carcass 
reaches a very low value in late spring and then Increases 
progressively, reaching a maximum in the month of November 
after which it begins a gradual decline (Table XIII).
Animals kept in captivity apparently do not store fat to 
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Month Total Lipid as Water^as % Lipid1951-5& Determinations % Body Wt. free Body wt.
Jan* 40 2.0 74.7Feb. 39 2.3 75.9March 43 1.9 75.5April 33 1.0 76.3May 30 0.8 74.6June 34 4.5 74.2July 36 2.0 73.8Aug. 48 2.>7 75.4Oct. 56 3.5 74.4Kov. 86 5.4 73.2Dec • 60 4.0 70.9Jan. 30 4.5 73.8Feb. 14 4.0 72.2
TABLE XIV 
Group Lipid Studies
Total Lipid as Water as % Lipid Group Pet ermine t Ions % Body Wt. Free Body Wt.
Mature 176 3*13 74*4Light 165 M*91 73*7
Dark 12S £iZ2
Total 561 2.93 74-2
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animals mas found to be slightly lower than that of the 
wild animals (Table XIV).
In August Park Group animals which had been In captivity 
for three months were a pale blue-green color when in th© 
melanophore contracted state rather than the bright yellow- 
green color of the wild chameleon* Th© lipid extract of 
this Park Group was found to be less yellow in color than 
were the extracts from th© Light Group and th© Mature Group* 
The absorption spectra of th© yellow pigment was determined 
somewhat crudely by the us© of th© Xlett-Summerson photoelec­
tric colorimeter* Since the position of the absorption 
maxima and minima corresponded closely to that recorded for 
heta-carotene, the concentration of these yellow lipids was 
estimated by the use of the colorimeter with a 420 millimicra 
filter. The results were expressed in terns of an artificial 
color standard of KgCrO^, an inorganic compound of similar 
color (Table XV).
TABLE XV
Pigment Studies (All values are expressed as g. X 1G~5 of K̂ GrÔ )
Nature Light Dark Weeks Light and DarkDate Group Group Group Groups Captive
23 Aug. 173 66 26 1224 Oct. 173 135 67 327 Deo. 236 181 6
4 Jan. 190
Although the llpld of the Dark Group contained th© least 
quantity of yellow pigment, th© lipid of both captive groups
M
contained less pigment than that of the animals from the wild. 
The cause of these variations has not been critically investi­
gated) however, the lipid extract of the meal worm is very 
low in yellow pigment and this lack of carotenes In the diet 
is probably responsible in part for the low pigment content 
of captive animals* Nevertheless, the distribution and 
chemistry of the carotenes in Anolia warrants further study*
5* Studies on Lipid and Glycogen Distribution
Due to the marked seasonal changes In the liver, a more 
complete series of liver analyses was begun in November* The 
bar graphs of Figure 6 depict th© results of these analyses. 
Liver lipid content decreases progressively from th© high 
of 28.9 per cent in November to 9*4 per cent in February) 
liver glycogen during the same period falls from 1 .6 per 
cent to 1.0 per cent* The charts of the livers of the captive 
groups show little change in total lipid although the total 
glycogen content of the livers of these animals rises over 
the same period. The results of th© Dark Group analyses 
performed during the months of December and February are 
especially interesting. Th© animals were placed in captivity 
in late November when their liver weight as per cent body 
weight was very high. Although these animals at© well their 
liver weight decreased without any marked change in liver 
composition*
A series of studies was also done on the distribution of 
glycogen and lipids in the liver and in the hepatectomised 
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Figure 6: L IVER ANALYSIS
Water Lipid Glycogen
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lipid built up in th© autumn is slowly depleted* Th© rat© of 
depletion of glycogen is much more rapid in the carcass than 
in the liver (Table XVI). The lipid of th© liver, on th© other 
hand, is depleted more rapidly than that of the carcass 
(Table XVII)in the Nature Group.
TABLE XVI
Distribution of Glycogen in the Liver and in the Bepateeternised Carcass (mg./lQO g. Body Weight)
Nature Group Dark Group
Date Liver ffareasa Total Liver Carcass Total
24 Sept. 51 229 260 125 239 36414 Feb. 23 63 66 73 39 112
6. Seasonal Respiration Studies
There are no marked seasonal variations In the oxygen 
utilization or carbon dioxide production in Anolis. All 
changes from the mean are of the order of 10 to 15 per cent 
and are sussaiarlzed in Tables XVIII and XXX. From March 
through June oxygen utilization measured at 28° C. averages 
0 .1 9 8 ml./ g. body weight/ hour, whereas during th© remainder 
of th© year it averages 0 .2 2 0 ml./ g* body weight/ hour. 
Although the mean R. Q. is high in all seasons, the lowest 
individual values recorded occurred in April in animals from 
the Nature Group. The highest mean recorded was for the 
period from November through February, the season of high 
glycogen storage and elevated glucose.
TABLE XVII
Distribution of Lipid in the Liver and In the 
Hepatectomlaed Carcass (g./lOC g. Body Wt.)
Nature Group Light Group Dark Group
Date Liver Carcass Total Liver Carcaea Total Liver Care as a Total
25 Nov. 1 .06  3-31 4*37 0 ,45  4*73 5*1$ 0 .5 0  3*62 $.12
27 Dec. 0 .41  2 .93  3*34 0*53 4*06 4*59
5 Jan . 0 .6 0  3*93 4*53
14 Feb. 0 .2 6  3*96 4*24 0*59 3*27 3*66
TABLE XVIII
Oxygen Consumption of Anolla c&rollnensls at 28° C. (ml. of 027g. Body Wi;/hr.)—
Determinations Average Mean Error*
Nov. through Feb* 219 0*220 0.004 0*065March through June 183 0.198 0.004 0.052July through Oct. 206 0.223 0.004 0 *0̂(9
Nature Group 180 0.227 0.004 0.056Light Group 210 0.211 0.004 0.053Dark Group 216 0.206 0*003 0.051
Males 462 0.213 0.005 0;055Females 146 0.222 0.005 0 .0 5 7
Total 606 0.215 0.002 0 .0 5 4
TABLE XIX
Respiratory Quotient of Anolis earolinenals at 28° C. (vol. 6if Sg/vol. 1S3̂ )
Determinations Average Mean Error*3* A *
Nov. through Feb. 210 0.929 0.006 0 .1 2 0March through June 169 0.910 0*009 0 .1 19July through Oct. 198 0.902 0.007 0 .103
Nature Group 172 0.898 0.010 0 .1 2 4Light Group 204 0 .9 20 0.008 0.113Dark Group 201 0.922 0.009 0 .125
Total 577 0.914 0 .005 0 .1 1 4
fiSequals the mean deviation/determination Jj£d/n-l where d equals the deviation from the mean of a determination and n equals the number of determinations* Th© mean error 
equals (H/ •
39
The yearly average of 0,215 ml./g*/hr* oxygen consumption 
at 2i° C* Is much lower than the 1*034 ml*/g*/hr* at JO0 0* 
obtained by Clausen and Mofshin (1939) In * study of th® 
photoreceptors of Anollc* These workers were not Interested 
In standard metabolism and as a result their values were
obtained from determinations of only three hours duration and 
on animals poorly adapted to the respirometer* IXi® to the 
many variables which were inadequately controlled* their 
values must be far removed irom the true standard metabolism 
of the anole •
Benedict (1932) showed that the metabolism of the python 
at 26° C. Is 200 to 600 per cent above the fasting level after 
a protein meal* In order to check the effect of feeding on 
Anolls. oxygen consumption and carbon dioxide production 
was determined on twenty animals after a heavy feeding of meal 
worms* The results indicated that the metabolism of the 
chameleon on such a diet Is only 10 to 13 per cent above the 
fasting level* This Increase occurs on the first two days 
following feeding*
7 # Summary of Seasonal Metabolism (Figure 7)
In the late summer and fall the body weight and to 
a greater extent the liver weight increase due to the storage 
of glycogen end fat. With the increased storage of liver 
glycogen the blood glucose falls to a low level* By November 
the lipid and carbohydrate content of the body represent close 
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Figure 7 ; SEASONAL VARIATIONS ANOL/S CAROLtNENStS (Nature Group)
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e n e rg y , ho w e ve r, i s  due to  c a rb o h y d ra te *  Even i f  we assume 
t h a t  th e  c a lo r ie  re q u ire m e n t o f  th e  an o le  does n o t change 
d u r in g  s t a r v a t io n ,  t h i s  s to re d  ene rgy  would keep th© a n im a l 
a l iv e  f o r  25 days a t  summer te m p e ra tu re s  w ith o u t  to u c h in g  
p r o te in  re s e rv e s *
H ib e rn a t io n  in  th e  l i z a r d  o c c u rs  d u r in g  adverse  w e a the r 
c o n d i t io n s  o f  th e  w in te r .  B lo od  g lu c o s e  r is e s  and a s low  
d e c re a se  in  s to re d  ene rg y  o c c u rs *  On th e  c o ld e r  days th e  
a n im a l b u r ie s  i t s e l f  i n  lo o s e  g round  o r h id e s  in  some o th e r  
p ro te c te d  p la c e .  As lo n g  as th© te m p e ra tu re  rem a ins  h ig h  and 
th e  days b r i g h t ,  how ever, th e  a n im a l w i l l  e a t a lth o u g h  i t s  
a p p e t i te  appears  to  be le s s  th a n  i n  o th e r  season®.
In  la t e  M arch re p ro d u c t iv e  a c t i v i t i e s  b e g in  to  e n te r  th© 
m e ta b o lic  p ic t u r e ,  and by  May a l l  fem a les  exam ined c o n ta in  
w e l l  d e ve lo p e d  eggs and a re  la y in g  a t  the  r a te  o f  an egg 
e v e ry  second week (H a m le t t ,  In  p re s s ) .  The t o t a l  l i p i d  and 
c a rb o h y d ra te  s to re s  a t  t h is  t im e  re p re s e n t o n ly  one s ix t h  o f  
th©  a v a i la b le  en e rg y  c o n te n t o f  th e  a n im a l In  November* R epro­
d u c t iv e  a c t i v i t i e s  b e g in  to  d im in is h  in  J u ly  and th© energy  
s to ra g e  p e r io d  of th e  f a l l  b e g in s *
No s im i la r  q u a n t i t a t iv e  work on seasona l l i v e r  s tu d ie s  
on the  l i z a r d s  or on o th e r  r e p t i l e s  co u ld  be fo u n d  i n  th© 
l i t e r a t u r e .  B e g in n in g  w i th  th e  w ork o f  A th a n a s lu  (1 6 9 9 )*  
ho w e ve r, many w o rke rs  have observed  seasona l changes In
2
The c a lo r i c  re q u ire m e n t was c a lc u la te d  fro m  th e  
oxygen con sum p tion  o f  0 .2 1  m l . / g . / h r .  a t  28° C. on th e  
a ssu m p tio n  th a t  on© l i t e r  o f  oxygen consumed I s  e q u iv a le n t  
to  4 .8  k i l o c a lo r l e s .  r-v '
h' °-.l\i - . i
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energy storage 1 n the amphibians* the livers of the frog 
are larger and have an increased energy content in the fall 
as compared with the other seasons of the year. Massooco 
(1938) has studied this problem in the amphibians t© a 
considerable degree.
If the oxygen consumption of the reptiles is measured 
at the same temperature in the different seasons there are 
no marked changes. Anolis oarolinensia* Alligator missies* 
ippiensis (Hernandos and Coulaon, 1932), and Storerla dekayl. 
a snake, (Clausen, 1936} have seasonal differences of less than 
15 per cent. In contrast to the reptiles the frog, Rana* 
requires 50 to 70 per cent more oxygen in the spring than in 
the winter (Tabulae Biologlcae* Vol. III).
In the late summer and fall the histology of the pitui­
tary of Anolis carolinensla reveals evidence of marked storage 
and secretion. In the winter the gland progressively loses 
this stored material and by spring a different cell type 
predominates the histological picture (Paris, 1941)* These 
pituitary changes are in phase with and probably allied to 
the chemical changes found in Anolis throughout the year*
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APi KNDIX I 
Erythrocyte Studies on Various Lizards
Pecked Cell Ked Blood 
Animal Volume / Celle „
  —  (10 P«r m  J }
Anolis carolinenals 1*19
Iguana Iguana 30.0 1.03
Ctenos&ura acanthura 35*0 1*03
Sauromalus obesua 30*7 0*90
Belodermir*auapeegum 30*3 0.70CcXsonyx varlegatug O.49
£hrynoaom& sbl&re 0*75
mtuogSTs"' eajT—  1.10
goeloporus maglater 1*22






K&balals (19 3 8
9*5 Hernandez and Coulson(1931)8.0 Hernandez and Cculsoa
U95D10.S Dill, et al (1935)11.0 Edvards and BUI (1935)
8*9 Kyereen (1949)10.0 »
$1*7 e
H*3 itWeî m&nn (1932)
7*6 Prosser* et al (1950)12.0 8
15*0 n
Ĉalculated from hemoglobin values in some eases
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Organic Substances in Reptilian Blood 




ft 5B ct a










































































M *o * o
*o to)





































































































0 1 m H *Vr ft C* o & H V*
CP
-
c* w ! § H 18 *£»







H* ft M vO s
I fcf H Hr p M sO V*J» vk
















w g & H I I JpwJ ’sO w VR


































































































































APPSIIDIX 111 (C o n t.)
APPENDIX H I  (Cont.)
Dill and Edwards (1931) 
^Andreen-S««‘Jiberg (1933) 
17'rc Cay (1931)
onDrilhon and Marcoux (1942) 
Z1KJialll (1947)
22Wiley and Lewis (1927) 
2̂ Isaekut* and T^gh (1928) 
2^Karr and Lewis (1916)
18Vars (1934)
19Nera (1925)
Besides the above ta b u la t io n  o f  ana lyses on r e p t i l i a n  b lo o d , th e  fo l lo w in g  
s p e c ia l d e te rm in a tio n s  have been r u n j
fh e  serum c h o le s te ro l o f  th e  snake, Ore ta lu s  h o r r ld u s , was d e te rm in ed  by  
Carm iehe&l and Pete h e r (1945) * P’o r the  h ib e rn a t in g  an im a l th e  va lu e  o b ta in e d  
was 146 mg* pe r cen t whereas the  a c t iv e  an im a l had a le v e l  o f  241 mg. p e r c e n t*  
R ib o f la v in  in  h ig h  c o n c e n tra t io n s  was found in  the  plasma o f  the  snakes, 
B a th rops ja ra ra c a  (165 to  288 m icro  grams per c e n t)  and Eudr ja a  sp* (205 - t o  333 
m ierogrsms pe r c e n t)  by V i l l e i n  and Prado (1944) •
Hera (1925) found th a t  the serum p ro te in  o f  Teatudo g ra eea* a t u r t l e ,  
c o n ta in e d  1 p e r c e n t f i b r i n  and 2*5 pe r c e n t a lbum in  in  the w in te r  and 3*1  p e r 
c e n t a lbum in  in  th e  summer*
Chalk o f f  and Entenman (1946) found th a t  the b lo o d  o f  the  t u r t l e ,  Ghrysemys 
p l c t a , c o n ta in e d  322 mg* pe r c e n t t o t a l  l i p i d f  fem a les w ith  a c t iv e  o v a r ie s  had 
an average va lu e  o f  477 sig* pe r c e n t.
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